The active sodium transport of white cells and red cells obtained from patients with essential hypertension was impaired. Incubating white cells from normotensive subjects in serum obtained from patients with essential hypertension caused an impairment in sodium transport in the white cells of normotensive subjects similar to that found in the white cells of hypertensive patients. The impairment in sodium transport was due to a fall in the ouabain-sensitive component of the total sodium efflux rate constant. These results show that the serum of patients with essential hypertension contains a substance which influences sodium transport and that it has ouabain-like activity. They also suggest that it is this substance which causes the impairment in sodium transport in the leucocytes of patients with essential hypertension.
Introduction
In 1952 Tobian and Binion' described an increase in the sodium content of renal arteries in patients with hypertension. Since then there has been increasing confirmatory evidence that the circulating red and white cells of patients with essential hypertension have an abnormality of sodium transport, usually associated with an increased intracellular sodium concentration.2-13 It has been suggested that this is an inherited abnormality.2 "1 On the other hand, it has recently been proposed that it is due to a circulating sodium transport inhibitor. '4 To test this proposal we took white and red cells from normotensive subjects and incubated these in the plasma of patients with essential hypertension. We report here the results.
Patients and methods
White cells-The investigation was carried out in two men and eight women with essential hypertension. They were aged 30 to 58 years, and three were non-Caucasian. None tration and flux studies were performed after the red cells had been incubated at 37°C in the individual's own plasma at a concentration of approximately 1000 x 109/1 for five hours. Intracellular sodium concentration was measured after centrifuging the cells at 15 000 g in special tubes with a capacity of 0 04 ml. Trapped medium using 5'Cr-EDTA was 1 7°,. Net sodium 22Na influx and the rate constant for total 22Na efflux were measured by the method of Glynn.I8 Separate determination of ouabain-sensitive and ouabain-insensitive efflux was not performed. In cross-incubation experiments the red cells of normotensive subjects were incubated in their own plasma and in the plasma of hypertensive patients. The intracellular sodium concentration and the rate constant for total 22Na efflux were measured in both groups of cells after five to 48 hours of incubation. These incubation experiments were performed between individuals whose red cells and plasma were compatible and under confirmed sterile conditions. Results are expressed as means ± SEM. Statistical analyses were by the Mann-Whitney U test for unpaired observations.
Results
White cells-The mean leucocyte sodium concentration measured in eight of the 10 hypertensive patients was 140 ±21 mmol(mEq)/kg dry cell weight. This was significantly higher than that of the 25 normotensive subjects, in whom it was 72 ± 3 mmol/kg dry cell weight (p < 0 01). The total sodium efflux rate constant of the leucocytes of the hypertensive patients (2 71 ±0 14/h) was significantly lower than that of the leucocytes from the normotensive subjects (3 79 ±0 06/h) (p < 0 001) due to a reduction in the ouabain-sensitive component of the rate constant (table). When leucocytes from a normotensive subject were preincubated in serum from another normotensive BRITISH MEDICAL JOURNAL VOLUME 282 14 MARCH 1981 -might be extended to explain essential hypertension in man. They suggested that the primary abnormality in essential hypertension in man is in the kidney, as has been shown so clearly by cross-transplantation of kidneys in two genetic forms of hypertension in rats0 -24; and that this difficulty in excreting sodium tends to cause an increase in extracellular volume which is continuously being corrected by an increased concentration of a circulating substance that, by inhibiting sodium reabsorption in the tubule, increases sodium excretion. As a result the extracellular fluid volume in essential hypertension is within normal limits25 but, as Blaustein26 pointed out, a rise in the concentration of a circulating sodium transport inhibitor on smooth muscle might increase the tone of the arterioles and cause a rise in blood pressure. According to de Wardener and MacGregor's hypothesis, the abnormality in sodium transport and increase in intracellular sodium concentration found in the white and red cells of patients with essential hypertension2-18 are due to a circulating sodium transport inhibitor and not to a hereditary defect of the cells themselves. 6 The results of our leucocyte cross-incubation experiment support the hypothesis. The white cells obtained from the hypertensive patients had an increased intracellular sodium concentration and a reduction in the rate constant for total sodium efflux, as originally described by Edmondson et al. 8 When the white cells obtained from normotensive subjects were incubated in the plasma of hypertensive patients they developed an impairment of sodium transport which was similar to that found in the hypertensive patients' own white cells: there was a Sodium efflux rate constant of leucocytes from normotensive subjects and hypertensive patients and of leucocytes from normotensive subjects after preincubation in plasma from normotensive subjects and hypertensive patients. Results subject the sodium efflux rate constant was similar to that of leucocytes which had not been preincubated in another person's serum. The preincubation of leucocytes from normotensive subjects in the serum of hypertensive patients caused a pronounced fall in the total sodium efflux rate constant-from 369±017/h to 286±019/h (p<001).
This was due to a fall in the ouabain-sensitive component of the rate constant (table) . The total and ouabain-sensitive component of the sodium efflux rate constant of the leucocytes obtained from normotensive subjects after incubation in the serum of hypertensive patients was not significantly different from the rate constant of the leucocytes of hypertensive patients. The rate constant for total 2 Na efflux of the cells of hypertensive pavtients was 0 35 ±0 04/h and in the cells of the normotensive subjects 0 46 ±002/h (p <0 01). Though the total 22Na efflux of the cells of the hypertensive patients was higher than that of the normotensive subjects-3 5 40 23 mmol/l/h compared with 3-2 &018 mmol/l/hthe difference was not significant. Incubation of red cells from the normotensive subjects in the plasma of hypertensive patients did not impair their sodium transport.
Discussion
de Wardener and MacGregor'4 proposed that Dahl's hypothesis'9-namely, that the rise in arterial pressure in the saltsensitive strain of hypertensive rats is due to a saluretic substance reduction in the total sodium efflux rate constant that was due to a reduction in the ouabain-sensitive component. These results show that the serum of patients with hypertension contains a substance which influences sodium transport and that it has ouabain-like activity. The intracellular sodium concentration of the red cells from hypertensive patients was greater than in the red cells from normotensive subjects. This was mainly due to a pronounced reduction in the rate constant for total sodium efflux in the cells of the hypertensive patients. This confirms the findings of Aderounmu and Salako," who also showed that the reduction was due to a decrease in the ouabain-sensitive sodium efflux. Incubation of red cells obtained from normotensive subjects in plasma obtained from hypertensive patients failed to cause a change in their sodium transport. The different response of normal red cells when compared with that of white cells incubated in the plasma of hypertensive patients may be due to the difference in experimental conditions imposed by the different rates of sodium turnover in red and white cells. The concentration of red cells during incubation was approximately 1000 x 109/1, while that of white cells was 2 x 109/1. The greater concentration of red cells was technically convenient for the isotope-counting procedure and the measurement of intracellular sodium because of the slower rate of sodium turnover and lower sodium concentration of red cells. In order to produce a detectable effect the greater number of red cells may need a larger amount of sodium transport inhibitor than that contained in the small volume of plasma used in the cross-incubation experiment.
Glucose turnover and metabolic and hormonal changes in ethanol-induced hypoglycaemia N M WILSON, P M BROWN, S M JUUL, S A PRESTWICH, P H SONKSEN Abstract Infusion of 67 g ethanol over four hours in fasted, nonobese normal men (a) induced hypoglycaemia by inhibiting gluconeogenesis; (b) produced noticeable increases in blood lactate, 3-hydroxybutyrate, and free fatty acid concentrations; (c) depressed plasma growth hormone concentrations, despite hypoglycaemia; and (d) raised plasma cortisol concentrations before significant hypoglycaemia occurred. These metabolic changes were explained by the reduction of redox state which accompanies ethanol oxidation.
The pronounced changes in metabolic values recorded during this study suggested that the use of parenteral feeding regimens including ethanol needs to be reconsidered.
Introduction
Ethanol-induced hypoglycaemia was first described by Brown and Harvey in 1941.1 The belief that chronic alcoholism was a prerequisite for the condition was refuted by several reports of its occurrence in children. Initially the hypoglycaemia was attributed to the hepatotoxicity of denatured alcohol solvents, and it was not until 1963 that ethanol alone was shown to be responsible.2 The pathophysiology of the condition is still not clear. The in-vitro studies of Freinkel et al3 indicated that inhibition of glucose production was responsible, while Searle et al,4 using metabolic tracer studies in vivo, implicated an increase in glucose utilisation.
In addition to its effect on glucose homoeostasis, ethanol metabolism reduces the cytosolic and mitochondrial redox states,' thus causing many changes in intermediary carbohydrate and fat metabolism. The effect of ethanol on the plasma free fatty acid concentration, however, is controversial: Freinkel et a12 reported a net rise, while Abramson and Arky6 observed a net fall. The response of ketone bodies is also not clear. Arky and Freinkel7 found a decline in blood acetoacetate concentration in response to ethanol oxidation, while Bagdade et al8 observed a rise. That insulin-induced hypoglycaemia leads to raised plasma growth hormone and cortisol concentrations is well known, but the hormonal response to acute alcohol ingestion is
